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(57) Abstract: A braking band (14) 
of a disc-brake disc (10), which has 
an unusual ability to improve the 
cooling efficiency of the disc brake, 
comprises a Sisi plate (20) and a 
second plate (22) airanged face to 
&ce so as to form a space (24). A 
set of spacer elements (26-32) which 
connect the fust plate (20) and the 
second plate (22) consdtutes a module 
which is repeated around a circle 
coaxial with the braking band. The 
set comprises a first fin (26) which 
connects the first plate (20) to the 
second plate (22) and which extends 
along an arcuate line (36). The set of 
spacer elements further comimses a 
second fin (28). a third fin (30), and 
a fomlh fin (32) which connect the 
first plate (20) to the second plate 
(22) and which extend along a fiuthcr 
arcuate line (46) interposed between 
two adjacent arcuate lines (36). 
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DESCRIPTION 
"■Braking band and disc for disc brake" 
The present invention relates to a braking band and 
to a disc for a ventilated disc brake, particularly but 
5 not exclusively for applications in the autcxnotive 
field. 

As is known, a disc of the type specified above is 
constituted by two coaxial portions: A first portion, 
the support bell, is for connection to the wheel hub of 
10 a vehicle, and the remaining, peripheral portion, the 
so-called braking band, is for cooperating with the 
disc-brake calipers to exert the braking force on the 
vehicle. 

It is also known that, during the operation of the 
15 brakes, the friction between the pads of the brake 
calipers and the surface of the braking band generates a 
large amoimt of heat which has to be dissipated. The 
heat generated in fact causes many undesired phenomena 
such as, for exaii5>le, the formation of cracks on the 
20 braking surface, permanent deformations after cooling, 
or localized changes in state which in turn lead to 
vibrations . 

In particular, in applications on high-performance 
motorcars with high braking efficiency, the energy to be 
25 dissipated is very high and there is an even greater 
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need to dissipate the heat generated during braking. 

This need for increased cooling efficiency must, 
however be reconciled with the further need to keep the 
space occupied by the discs unchanged to avoid 
5 modifications to the suspension of the vehicle for which 
they are intended. 

For this puiTpose, ventilated discs have undergone 
continuous development, particularly with regard to the 
number and configuration of the so-called ventilation 
10 ducts which are defined between the two plates that 
conventionally make up ventilated discs, and between 
fins which coimect the two plates transversely. 

For example, fins constituted by curved walls 
repeated at a modular frequency, in which the module 
15 itself is constituted by two fins of which one is longer 
than the other are known from US 5,427,212. 

The above-mentioned example of a disc-brake disc 
cannot ensure effective cooling such as to overcome the 
above-mentioned disadvantages completely. 
20 The problem underlying the present invention is 

therefore that of devising a disc-brake disc which has 
structural and functional characteristics such as to 
satisfy the above-mentioned rec[uirements and at the same 
time to prevent the problems mentioned* with reference to 
25 the prior art. 



WO 02/073060 PCT/ITOl/00129 

3 

This problem is solved by a braking band according 
to Claim 1 and by a disc -brake disc according to Claim 
24. 

Further characteristics and advantages of the disc- 
5 brake disc according to the invention will becOTie clear 
from the following description of a preferred embodiment 
thereof, provided by way of non- limiting example with, 
reference to the appended drawings, in which: 

Figure 1 is a perspective view of a disc-brake disc 
10 according to the invention. 

Figure 2 is a partially- sectioned front view of a 
detail of Figure 1 in the rough, unfinished state. 

Figure 3 is a section taken on the line III- III 
through the detail of Figure 2, 
15 Figure 4 is a section taken on the line IV-VI 

through the detail of Figure 2, 

Figure 5 is a front view of a finished detail of 
Figure 1, 

Figure 6 is a section taken on the line VI-VI 
20 through the detail of Figure 5, and 

Figure 7 is a perspective view of a disc-brake disc 
according to a possible variant. 

With reference to the above-mentioned drawings, a 
ventilated disc according to the present invention, for 
25 use in a disc brake (not shown) of a vehicle such as a 



wo 02/073060 



PCT/ITOl/00129 



4 

motorcar, is generally indicated 10. 

The disc 10 has a substantially circular shape and 
extends about an axis indicated Z-Z in Figure 1. 

The disc 10 coniprises a support bell 12 and a 
5 braking band 14 coaxial with the. bell 12. The support 
bell 12 and the braking band 14 may be connected to one 
another either rigidly or by means of connections which 
permit differential expansion. An example of a bell 12 
and a braking band 14 in the assembled condition is 
10 shown in Figure 7. Preferably, the braking band 14 is 
made of cast iron of the type usually used for brake 
discs such as, for example, cast iron with a high carbon 
content. 

The support bell 12 ccxnprises a central portion 16 
15 for connection to the wheel hub of a vehicle, in 
conventional manner, and an annular, peripheral portion 
18 which projects frcaoa the central portion 16 in a 
direction substantially parallel to the axis Z-Z. 

The braking band 14, which is intended to cooperate 
20 with the disc-brake calipers in order to exert the 
braking force on the vehicle, comprises a first plate 20 
and a second plate 22 arranged face to face so as to 
form an air-outlet space 24. The first plate 20 is 
disposed on the same side as the support bell 12 and the 
25 second plate 22 is disposed on the opposite side. 
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The -second plate 22 is fixed to the first plate 20 
by spacer elements and, in the embodi me nt in question, 
by fins 26, 28, 30 and 32 which are shaped so as to 
define ventilation ducts 34. 

5 The fins 26, 28, 30 and 32 form a module which is 

arranged at predetermined intervals around a circle in 
the braking band 14 so as to form a plurality of 
ventilation ducts 34 distributed uniformly around the 
space between the two plates* 

10 The first fin 26 connects the first plate 20 and 

the second plate 22 continuously, as can be seen from 
Figure 4. 

An inner end 26a of the first fin 26 is "V"- shaped 
and has its concavity facing towards the centre of the 
15 braking band 14, whereas the outer end 26b of the first 
fin 26 has a profile substantially peiT)endicular to the 
first plate 20 and to the second plate 22. 

In greater detail, the "V"- shaped end comprises two 
straight portions inclined substantially at 45** to the 
20 first plate 20 and to the second plate 22 and connected 
in the region of a centreline of the first fin. 

The inner end 26a is positioned on a median circle, 
that is, a circle with a diameter corresponding to a 
middle value between the values of the inside diameter 
25 and of the outside diameter of the braking band 14, in 
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the rough, iinfinished state (Figure 2) . The outer end 

26b is positioned in the vicinity of the outer 

circumference of the braking band 14 . 

As shown in Figure 2, that is, in a plane parallel 
5 to the plates 20 and 22, the first fin 26 extends along 

an arcuate line, indicated 36, relative to which a 

concave sxirface 38 and a convex surface .40 of the first 

fin can be defined. 

An arrow representing the principle direction of 
10 rotation of the disc 10, that is, the direction of 

rotation corresponding to the forward direction of 

movement of the vehicle, is indicated 42.' 

Relative to this direction- of rotation, the first 

fin 26 is arranged substantially in a manner such that 
15 the concave surface 38 and the convex surface 40 are 

upstream and downstream of the arcuate line 36, 

respectively. 

The arcuate line 36 extends continuously along two 
circles which are defined below with reference to the 
20 system of Caoctesian axes X and Y shown in Figure 2. 

In fact, the inner portion of the first fin 26, 
that is the portion closest to the axis Z-Z, extends 
along a portion of a circle of radius Ri and of centre 
Ai, whereas the outer portion of the first fin 26, that 
25 is the portion farthest from the axis Z-Z, extends along 



wo 02/073060 



PCT/ITOl/00129 



7 

a portion of a circle of radius R2 and of centre A2. 

The radius Ri of the inner portion of the first fin 
26 is greater than the radius R2 of the outer portion of 
the first fin 26. 

.5 The positions of the above-mentioned two centres Ai 

and A2 are also indicated in Figure 2. In particular, 
the centre Ai is disposed on a circle of radius R3# 
outside the braking band 14, whereas the centre A2 is 
disposed on a circle of radius R4 having a diameter 

10 between the inside diameter and the outside diameter of 
the rough, unfinished braking band 14. 

The outer portion of the first fin 26 is thus more 
arcuate than its inner portion and the outer portion of 
the respective ventilation duct 34 consequently deviates 

15 . further in the direction contrary to the direction of 
rotation of the disc 10. 

In Figure 2, at the dimensional control stage, the 
centre Ai is given by the intersection of the circle of 
radius R3 and a straight line extending through the 

20 centre of the system of axes X and Y and inclined at an 
angle a of about 14 « to the axis X. Similarly, the 
centre A2 is given by the intersection of the circle of 
radius R4 and a straight line extending through the 
centre of the system of axes X and Y and inclined at an 

25 angle p of about 40<> to the axis X. 
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The first fin 26 also coinprises two projections 44a 
and 44b which project from the - concave surface 38 
towards the interior of the ventilation duct 34. the 
first projection 44a is positioned approximately 
5 centrally relative to the length of the first fin 26, 
whereas the second projection 44b is positioned in the 
vicinity of the outer end 26b. 

The first fin 26 is repeated around the ^ace 24 at 
predefined intervals which permit the production of a 
10 disc with about 20-50 first fins. 

The further fins 28, 30 and 32 which, . for 
simplicity of eaqolanation, will be indicated as a 
second, a third, and a fourth fin, are positioned along 
further arcuate line, indicated 46. 
15 This further arcuate line 46 is offset relative to 

the arcuate line 36 by a distance equal to half of the 
intervals at which the arcuate lines 36 are repeated. 
The alternating arrangement of the first fin 26 along 
the arcuate line 36 and of the other fins 28, 30 and 32 
20 along the further arcuate line 46 permits the production 
of a disc with approximately 40-100. ventilation ducts 
34. 

The further arcuate . line 46 also extends 
continuously along two circles which are defined below 
25 with reference to the system of Cartesian axes X and Y 
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shown in Figure 2. 

In fact, the inner portion of the arcaxate line 46, 
that is the portion closest to the axis Z-Z, extends 
along a portion of a circle of radius Ri and of centre 
5 Bi, whereas the outer portion of the further arcuate 
line 46, that is the portion farthest from the axis Z-Z, 
extends along a portion of a circle of radius R2 and of 
centre 82* 

The radius Ri of the inner portion of the curcuate 
10 line 46 is greater than the radius R2 of the outer 
portion of the arcuate line 46 and, in particular, these 
radii correspond to the respective radii defining the 
arcuate line 36 of the first fin 26. 

The outer portion of the further arcuate line 46 is 
15 therefore more arcuate than its inner portion and the 
outer portion of the respective ventilation duct 34 
consequently deviates further in the direction contrary 
to the direction of rotation of the disc 10. All of the 
ventilation ducts 34 therefore deviate in the same 
20 direction, contrary to the direction of rotation of the 
disc. 

The positions of the two above-mentioned centres Bi 
and B2 are indicated in Figure 2. According to the 
preferred embodiment shown in Figure 2, the centre Bi is 
25 disposed on a circle of radius R3 outside the braking 
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band 14, whereas the centre B2 is disposed on a circle 
of radius R4 having a diameter between the inside 
diameter and the outside diameter of the braking band 
14. As can readily be inferred from the foregoing 

5 statements, the centre Ai and the centre Bi preferably 
lie on the same circle of radius R3 and, similarly, the 
centre Aa and the centre B2 preferably lie on the same 
circle of radius R*. . 

Xn Figure 2, at the dimensional control stage, the 

10 centre Bi is given by the intersection of. the circle of 
radius R3 with a straight line extending through the 
centre of the system of axes X and Y and inclined at an 
angle y of about 19** to the axis X. Similarly, the 
centre B2 is given by the intersection of the circle of 

15 radius R4 with a straight line extending through the 
centre of the system of axes X and Y and inclined at an 
afxgle S of about 34^ to the axis X. 

As mentioned cJ^ove, the second fin 28, the third 
fin 30, and the fourth fin 32 are disposed along the 

20 further arcuate line 46. 

The second fin 28 connects the first plate 20 and 
the second plate 22 continuously. Moreover, the second 
fin 28 has an inner end 28a disposed in the vicinity of 
the inner diameter of the braking band 14 in the rough, 

25 Tinfinished state and an outer end 28b corresponding to 
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the output edge and disposed slightly beyond the above- 
mentioned median circle, that is, the circle of mean 
diameter between the inside and outside diameters of the 
braking band 14 in the rough, unfinished state. 
5 In a substantially finished braking band 14, the 

second fin 28 adopts the configuration shoum in Figure 
5, in which the machining undergone by the first end 28a 
is clear. 

The third fin 30 is disposed along the same corcuate 
10 line 46 in a manner such that an imier end 30a thereof 
is disposed slightly beyond the above-mentioned median 
circle and an outer end 30b thereof is disposed in the 
. vicinity of a circle of mean diameter between the 
diameters of the above-mentioned median circle and the 
15 outer circumference of the braking band 14. 

Both the inner end 30a and the outer end 30b have 
portions 48 which are enlarged in comparison with the 
thickness of the fin itself. 

As shown in Figure 2, the third fin 30 is disposed 
20 substantially in an annular region between the two 
projections 44a and 44b of the first fin 26'. 

Finally, the fourth fin 32 is disposed along the 
further arcuate line 46. This last fin has an inner end 
32a disposed on a circle substantially corresponding to 
25 the second projection 44b of the first fin 26 and an 
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outer end 32b disposed in the vicinity of the outer 
circumference of the braking band 14. 

The fourth fin 32 is structurally identical to the 
third fin 30, since both its inner end 32a and its outer 

5 end 32b have portions 48 which are enlarged in 
comparison with the thickness of the fin itself. 

The disc-brake disc according to the invention 
satisfies the above-mentioned requirement and prevents 
the problems mentioned with reference to the prior art. 

10 In fact, as explained above, the structure of the disc 
according to the invention increases cooling efficiency, 
as is shown by the test resxilts obtained and given in 
the following table, with a disc-brake disc produced in 
accordance with the teaching of US 5,427,212 as a 

15 control : 





US 

5,427,212 


Present 
invention 


Weight (kg) 


5,900 


5,780 


Disc temperature [*»C] 


490 


470 


Pad temperature [<*C] 


480 


450 


Caliper- fluid temperature [°C] 


130 


120 


Pad wear [nml 


6.9 


6.7 


"Disc stiffness" parameter 


5.4 


5.3 



The second column relates to a disc having the 
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characteristics described in US patent 5,427,212, that 
is, a ventilated disc forming part of the prior art and 
selected as a control- The third column, on the other 
hand, relates to a disc which has the above -described 
5 characteristics and hence to a disc according to the 
present invention. 

The individual parameters taken into consideration 
have the following significance. In the first place, 
the term "weight" means the weight of the machined, 
10 finished braking band 14 (Figure 5) . 

The disc temperature corresponds to the temperature 
of the surface of the braking band 14 measured at the 
start of one of the braking operations after the disc 
has been brought to steady- state conditions during the 

15 test cycle. 

The pad temperature corresponds to the mean 
temperature of the pad measured at the same moment at 
which the disc temperature was measured. 

The term "caliper- fluid tenqperature" means the 
20 maximum tjemperature of the brake fluid in the caliper, 
measured at the end of the test cycle. 

The term "pad wear" indicates the mean wear of the 
pads upon completion of the test cycle. 

Finally, the expression "disc stiffness" defines an 
25 index of the travel of the brake pedal, evaluated as the 
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pressure which the pump manages to develop for each 
millimetre of travel of the caliper piston. 

The results given above were obtained with a test 
cycle on a dynamometric bench, the test parameters being 
5 kept constant in both of the cases considered. In 
particular, the parameters which were kept constant were 
the energy dissipated upon each braking operation, the 
time between the start of one braking operation and the 
start of the next braking operation, the torque 
10 developed during each braking operation and the number 
of braking operations. 

As can be appreciated from the foregoing 
description, it is clear that the novel configuration of 
the fins, and consequently of the ventilation ducts, 
15 enables greater cooling efficiency to be achieved. 

A further advantage of the disc-brake disc 
according to the invention lies in the fact that it is 
structurally and fiuictionally simple so that it is 
inexpensive to produce and ensures reliable operation 
20 over time. 

Naturally, in order to satisfy contingent and 
specific requirements, a person skilled in the art may 
apply to the disc-brake disc according to the invention 
many modifications and variations all of which, however, 
25 are included within the scope of protection of the 
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invention as. defined by the appended claims. 

For exanple, the projections or the enlarged 
portions may have shapes, sizes and positions other than 
those described and illustrated. 
5 Moreover, the braking surfaces may equ6aiy well be 

smooth, perforated, or with either linear or arcuate 
grooves, or may be both perforated and grooved. 
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CLAIMS 

1. A braking band (14) for a disc-brake disc (10), 
comprising: 

a first plate (20) and a second plate (22), 
5 arranged face to face so as to form a space (24) , 

a set of spacer elements (26-32) which connect the 
first plate (20) and the second plate, the set 
constituting a modxile which is repeated around a circle 
coaxial with the braking band, 
10 the set of spacer elements comprising a first fin 

(26) which coimects the first plate (20) to the second 
plate (22) and which extends along an arcuate line (36) , 
the set of spacer elements further coirqprising a 
second fin (28) , a third fin (30) , and a fourth fin (32) 
15 which connect the first plate (20) to the second plate 
(22) and which extend along a further arcuate line (46) 
interposed between two adjacent eurcuate lines (36) . 

2. A braking band according to Claim 1 in v^ch the 
arcuate line (36) extends along portions of two circles. 

20 3. A braking band according to Claim 2, in which an 

inner portion of the arcuate line (36) extends along a 
portion of a circle having a radius Ri and a centre Ai, 
and an outer portion of the arcuate line (36) extends 
along a portion of a circle having a radius R2 and a 

25 centre A2, Ri being greater than R2. 
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4. A braking band according to Claim 3 in which Ai 
is further from the centre of the braking band than A2. 

5. A brziking band according to Claim 4 in which Ai 
lies on a circle of radius R3 outside the outer 

5 circumference of the braking band (14) and Aa lies on a 
circle of radius R4 disposed between the outer 
circumference and the inner circumference of the rough, 
unfinished braking band (14) • 

6. A braking band according to one or more of the 
10 preceding cladLms, in which the further arcuate line (46) 

extends along portions of two circles • , 

7. A braking band according to Claim 6 in which an 
inner portion of the further arcuate line (46) extends 
along a portion of a circle of radius Rx and centre Bi, 

15 an outer portion of the further arcuate line (46) 
extends along a portion of a circle of radius R2 and 
centre B2, Ri being greater than R2- 

8. A braking band according to Claim 7 in which Bi 
is further from the centre of the braking band than B2. 

20 9. A braking band according to Claim 8 in which Bi 

lies on a circle of radius R3 outside the outer 
circumference of the braking band (14) and B2 lies on a 
circle of radius R4 disposed between the outer 
circumference and the iimer circumference of the rough, 

25 imfinished braking band (14) . 
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10. A braking band according to Claims 3 and 7 in 
which the radii of the circles along which the . inner 
portions of the arcuate line (36) and of the further 
arcuate line (46) extend are identical. 
5 11. A braking band according to Cla im s 3 and 7 in 

which the radii of the circles along which the outer 
portions of the arcuate line (36) and of the further 
arcuate line (46) extend are identical. 

12. A braking band according to Claims 5 and 9 in 
10 which Bi lies on the same circle of radius R3 on which 

the centre Ai lies. 

13. A braking band according to Claims 5 and 9 in 
which B2 lies on the same circle of radius R4 on which 
the centre A2 lies. 

15 14. A braking band according to Claim 1 in which 

the first fin (26) comprises at least one projection 
(44a, 44b) . 

15. A braking band according to Claim 14 in which 
the at least one projection (44a, 44b) is disposed on a 

20 concave surface (38) of the first fin (26) . 

16. A braking band according to Claim 15 in which 
the concave stirface (38) comprises a first projection 
(44a) positioned approximately centrally relative to the 
length of the first fin (26) and a second projection 

25 (44b) positioned in the vicinity of an outer end (26b) 
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' Of the first fin (26) . 

17. A braking band according to Claim 1 in which 
the first fin (26) ccanprises an inner end (26a) 
positioned on a circle of substantially mean diameter 

5 between the inside and outside diameters of the rough, 
unfinished braking band (14) . 

18. A braking band according to Claim 1 in which 
the first fin (26) cOTiprises a "V" -shaped inner end 
(26a) . 

10 19. A braking band according to Claim 18 in which 

the "V" -shaped inner end (26a) has its concavity facing 
towards the centre of the braking band. 

20. A braking band according to Claim 1 in which 
the second fin (28) ccMnprises an inner end (28a) 

15 disposed in the vicinity of the inner circumference of 
the braking band (14) and an outer end (28b) disposed in 
the vicinity of a circle of sxabstantially mean diameter 
between the inside and outside diameters of the roughs 
unfinished braking band (14) . 

20 21. A braking band according to Claim 1 in which 

the third fin (30) comprises an iimer end (30a) disposed 
in the vicinity of a median circle of substantially mean 
diameter between the inside and outside diameters of the 
rough, unfinished braking band (14), and an outer end 

25 {30b) disposed in the vicinity of a circle of mean 
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diameter between that of the median circle and the outer 
circumference of the braking band (14) . 

22. A braking band according to Claim 1 in which 
the third fin (30) comprises an inner end (30a) and an 

5 outer end (30b) having portions (48) which are enlarged 
in comparison with the thickness of the third fin. 

23. A braking band according to Claim 1 in which 
the fourth fin (32) comprises an inner end (32a) and an 
outer end (32b) having portions (48) which are enlarged 

10 in comparison with the thickness of the fourth fin. 

24. A disc-brake disc (10) comprising a braking 
band (14) according to one or more of Claims 1 to 23. 
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